Compressional velocity (V p ), shear velocity (V s ), compressional quality factor (Q p ), electrical resistivity (p'), bulk density (p b ), grain density (p g ), and porosity (Φ were measured in our shore-based laboratory for 49 consolidated sediment samples from Hole 762C. The results are compared with shipboard data.
INTRODUCTION
The variations in physical, acoustic, and diagenetic properties of deep-sea sediments as a function of depth are important in the development of geoacoustic models (Hamilton, 1980; Milholland et al., 1980) . Here, we report physical properties measured in our Hawaii sediment acoustics laboratory for 49 consolidated samples from Ocean Drilling Program (ODP) Hole 762C. These properties are shear velocity (V,), compressional attenuation (in terms of its inverse, the quality factor Q p ), and electrical resistivity (p') These measurements are not generally performed aboard the JOIDES Resolution. In addition, compressional velocity (V p ), bulk density (p b ), grain density (p g ), and porosity (<f>) nay e been remeasured using alternative methods to those used aboard ship. Because different techniques were used for shipboard and shore-based laboratory measurements, it is important to compare these measurements on the same sediment samples or adjacent samples so that shore-based measurements can be confidently compared to various other shipboard measurements.
SAMPLES
Sediment samples used in this study are from Hole 762C, located on the Exmouth Plateau, part of the northwestern Australia continental margin (Fig. 1) . The plateau was connected to present-day India until breakup occurred in the early Cretaceous (Neocomian) due to seafloor spreading (Exon et al., 1982) . The sediments of Site 762 consist of a post-breakup pelagic carbonate sequence overlying a pre-breakup claystone sequence. The post-breakup carbonate sediments consist of nannofossil ooze (Unit I, 0-181.5 mbsf), nannofossil ooze and chalk transitional sediments (Unit II, 181.5-265.0 mbsf), and nannofossil chalk. The nannofossil chalks are divided into Unit III (265.0-554.8 mbsf), which has a low clay content, and Unit IV (554.8-838.5 mbsf), which has a higher clay content, as observed in smear slides. The pre-breakup claystones consist of a hemipelagic calcareous claystone sequence (Unit V, 838.5-848.5 mbsf) and a deltaic silty claystone sequence (Unit VI, 848.5-940.0 mbsf).
The samples in this study are consolidated and range from 371.69 mbsf (Sample 122-762C-23X-2, 68-70 cm) to 931.61 mbsf (Sample 122-762C-91X-2, 10-12 cm). Samples were located directly adjacent to or nearby shipboard physical properties samples. Each sample was wrapped in wet tissue paper, placed in a vial filled with seawater, and sealed in a plastic bag aboard ship to prevent moisture loss. Prior to shore-based measurements, each sample was cut into a cube (approximately 1.78 cm on an edge), with edges parallel and perpendicular to the core axis, using an Buehler Isomet low-speed saw with water as the lubricating fluid. Bedding was present in 22 of the samples and was approximately horizontal.
EXPERIMENTAL PROCEDURES

Compressional and Shear Velocity
Compressional velocity (V p ) measurements were made in the horizontal (V ph ) and vertical (V pv ) directions with respect to the core axis and at ambient temperature and pressure. V p was measured using the pulse transmission technique in conjunction with a Tektronix 7894 digital oscilloscope and an HP microcomputer. The waveform traces on the oscilloscope for the input pulse and sample signal were first digitized. A computer program analyzed the waveforms, automatically placed cursors on the input pulse and sample waveform on the oscilloscope screen at the first break from horizontal, and determined the traveltime between the cursors. The system was calibrated using varying lengths of plexiglass rods by Haq, von Rad, O'Connell, et al. (1990) .
making a plot of rod length vs. traveltime and linearly extrapolating to zero rod length to determine the system delay time, which was then subtracted from all sample traveltimes. We used 1-MHz, 0.5-in. diameter metaniobate P-wave transducers (Panametrics V103) with water as the acoustic coupling fluid. Shear-wave (V s ) velocities were measured similarly, but because there are always compressional waves in a shearwave arrival signal, the computer could not clearly distinguish the first arrival of the shear-wave signal. Therefore, the cursor was placed manually on the shear-wave first arrival. We used 1-MHz, 0.5-in. diameter PZT 5-wave transducers (Harisonic SO 108) with water as a coupling fluid.
Attenuation
The compressional quality factor, Q p , was measured in both horizontal (Q ph ) and vertical (Q pv ) directions by using the spectral ratio technique (Toksoz et al., 1979; Johnston and Toksoz, 1980) . The amplitude of the P-wave signal from a consolidated sediment sample cube was compared with that of a reference material (e.g., aluminum) with high Q ( 150,000; Zamanek and Rudnick, 1961) . The reference and sample cubes were of the same size.
Theoretical and experimental aspects of the spectral ratio technique are discussed elsewhere (Toksoz et al., 1979; Johnston and Toksoz, 1980) . Briefly, the first 1.5 wavelengths of the P-wave signals from both the sample and the reference are digitized (successive wavelengths contain reverberations from within the samples). The fast-Fourier transform (FFT) of the reference signal is divided by the FFT of the sample, and the natural logarithm is then calculated to obtain the spectral ratio. It is assumed that attenuation is a linear function of frequency near the resonance frequency of the transducers (1 MHz) (Toksoz et al., 1979) . A line can be fit to the data near this frequency, and the value of Q p is determined from the slope of this line:
where A x is the amplitude of the reference signal, A 2 is the amplitude of the sample signal, / is frequency, L is sample length, and V p is the compressional velocity.
Electrical Resistivity
The four-electrode technique (Olhoeft, , 1980 ) was used to measure electrical resistivity (p'). The technique and theoretical background have been discussed elsewhere (Collett and Katsube, 1973; Katsube, 1977; . Electrical resistivity was measured in horizontal and vertical directions at frequencies of 0.1, 1.0, 10, 100, 1000, and 10000 Hz.
Density and Porosity
Archimedes' principle of buoyancy (Ference et al., 1956; was used to determine bulk (p b ) and grain (ρ ß ) densities and porosity (<£). Each sample was weighed wet in air and while buoyant in a basket submerged in a cup of distilled water. The sample was then dried in an oven at 105°C for 24 hr and then allowed to cool in a desiccator under vacuum for several hours before being weighed dry. The basic equations for these physical properties are However, because salts are deposited in pores when a sample is dried, the equations for grain density and porosity must be modified to compensate for the extra salt in the dry volume and dry weight for each sample. The salt corrections are derived as follows:
Salinity of seawater is assumed to be 35 parts per thousand (ppt). Therefore, there is 0.035 g of salt per 1 g of seawater, or 0.965 g of freshwater per 1 g of seawater. The weight of halite precipitated out of seawater in a dry sample (W h ) can be determined by W h = weight of seawater in sampleweight of freshwater in sample
The density of halite is taken as 2.165 g/cm 3 , seawater as 1.025 g/cm 3 (at 15°C), and distüled water as 0.9986 (at 18°C) (Weast and Astle, 1981) . The modified equations for grain density and porosity are as follows:
Scanning Electron Microscope Electron microscopy of some bedded sediment samples was performed using an ISI-SS40 scanning electron microscope (SEM) system, manufactured by International Scientific Instruments. Samples were cut perpendicular to bedding with an Isomet low speed saw and the surfaces of the samples were freshly fractured from hammer blows directed perpendicular to bedding on a razor blade (which acted as a high-precision chisel). Samples were glued with epoxy onto 1.5-cm-diameter aluminum stubs, placed in an oven at 105°C for a few hours to drive off volatiles from the epoxy and water vapor from the sample, and allowed to cool in a desiccator under vacuum. The samples were carbon-coated before being placed into the SEM sample chamber. Table 2 .
SHORE-BASED RESULTS
Q p is found to be approximately inversely proportional to V p in these sediments as illustrated in plots of these properties vs. depth (Fig. 2) . Resistivity is generally proportional to velocity, and both properties are probably influenced by the degree of matrix cementation. Large amounts of cement increase the bulk modulus and therefore increase V p . Because cement closes pore spaces it also acts as a barrier to ionic flow and increases resistivity.
It was difficult to propagate shear waves in these sediments because the sediments where generally not highly lithified. The cause of velocity being higher parallel than perpendicular to bedding has been a subject of debate (e.g., Carlson and Christensen, 1979; Carlson et al., 1983; Kim et al., 1983; Milholland et al., 1980) and is discussed in more detail in a paper in preparation by the authors (see O'Brien et al., 1989) . Although V p anisotropy in carbonate sediments has been attributed to preferred orientation of calcite grains (e.g., Milholland et al., 1980) , no preferred orientation of calcite was present in any of our samples of calcareous clay stone, pelagic chalk, or pelagic limestone, although the samples exhibit a high degree of anisotropy. Anisotropy was found to be primarily influenced by flat pores and to some extent by clay platelets aligned parallel to bedding in the calcareous claystones. However, because the pelagic chalks and limestones lack flat pores, anisotropy is probably controlled only by preferred orientation of clay platelets.
Resistivity is lower in the horizontal direction because it is easier for ions to flow through pores aligned parallel to bedding, suggesting greater permeability in the horizontal rather than the vertical plane. The samples contain some clay that may also cause resistivity to be lower in the horizontal direction. Clay platelets tend to become preferentially oriented parallel to bedding. The excess of negative charge in the outer layer of the clay particle attracts cations from the pore fluid to the clay particle surface. A "double layer" of cations is formed, consisting of a "fixed layer" directly adjacent to the particle surface and a "diffuse layer" that drops off in density exponentially with distance from the fixed layer. The cations of the diffuse layer are free to move under the applied electrical field, which adds to the normal ion flow in the pore space. Thus, the electrical conductivity parallel to the clay platelets is increased (Ward and Fraser, 1967) .
Resistivity (p') was also measured at frequencies from 0.1 to 10,000 Hz. Figure 3 shows a plot of mean resistivity vs. frequency for five chalk samples. With the exception of Op-mean Sample 122-762C-74X-2, 43-45 cm, values of p' at 1.0 Hz are slightly less than those at 0.1 Hz. Resistivity decreases more rapidly from 1.0 to 1,000 Hz, and increases between 1,000 and 10,000 Hz. Such a trend was observed by Katsube (1977, his fig. 1 .4) for higher p' rocks (50-5000 ohm-meters [ohm-m]), but was offset slightly toward lower frequencies. However, Katsube's data suggest that the trend shifts to higher frequencies in the case of low p' rocks, such as marine sediments (p' = 0.5-5.0 ohm-m). This trend of changing p' with frequency is probably due to "electrode polarization" (Ward and Fraser, 1967 ; T. J. Katsube, pers. comra., 1989) . Above 10,000 Hz, charge is transferred between the electrodes and pore fluid by charging and discharging of the electrode's "double layer," as in a capacitor. This effect is frequency-independent. Between about 10,000 and 0.01 Hz, current is also transmitted across the electrode-pore fluid interface as previously described, but the current is also transmitted physically by an electrochemical reaction, such as the conversion of an atom to an ion or vice versa. This process is frequency-dependent, and more charge is transmitted by this method as frequency decreases. Below about 0.01 Hz, charge is primarily transmitted electrochemically, and the process becomes frequency dependent.
COMPARISON WITH SHIPBOARD DATA
Values of shipboard and shore-based laboratory V p as a function of depth are illustrated in Figure 4A . The two sets of Vp values agree well between 300 and 670 mbsf. From 670 to 820 mbsf, the shore measurements are much greater. The measurements again coincide from 820 mbsf to the bottom of the hole. This discrepancy is due to a calibration error in the shipboard Hamilton Frame velocimeter system. The system is calibrated every 1 to 2 days in order to determine a "system delay time" caused by the electronics and the thickness of the epoxy covering the transducers. This system delay must be subtracted from the traveltimes of acoustic waves traveling through the sediment samples before velocities are calculated. A value of approximately 2.75 microseconds (µs) was used as a system delay for most of Hole 762C. However, between 670 and 820 mbsf, a calibration run resulted in a value of-0.01 µs for the system delay. A calibration run the next day resulted in a value near 2.75 µs, which is why the shipboard and shore-based measurements once again agree below 820 mbsf. The system delay used between 670 and 820 mbsf was not recognized as erroneous during the cruise.
The sonic log V p data for Hole 762C are compared to the shore-based data in Figure 4B . The log data are generally 0.3 km/s higher than the shore-based data. The elevated log velocities are most likely due to in-situ overburden pressure because velocities of sediment samples have been shown to increase with differential pressure in laboratory measurements (e.g., Kim et al., 1983) . This difference was subtracted from the log data in Figure 4 in order to compare the velocity trends of both data sets. The velocity trends seem to match up well, even in the depth range where the Hamilton Frame velocities do not agree with the shore-based velocities. This matching of trends supports the supposition that the shipboard calibration problem was responsible for the divergence of the Hamilton Frame and shore-based velocity data sets.
There is good agreement between shipboard and shorebased grain density (ρ g ) values (Fig. 5A) , though there appears to be more scatter in the shipboard data. This scatter may be due to the method used to determine shipboard volumes. A helium-displacement pycnometer was used to determine wet and dry sample volumes, which were used together with wet and dry weights to calculate p d , p g , and <f>• Usually three or four successive volume measurements were made using the pycnometer, and the average value was chosen as the appropriate volume of the sample. The dry volumes produced a range in which the maximum and minimum values often differed by about 0.05 cm 3 . This range is about two orders of magnitude greater than the range of volumes produced in successive shore-based dry volume measurements. Therefore, more scatter in shipboard density measurements would be expected.
A plot of shipboard vs. shore-based grain densities (Fig.  6) shows that most of the data fall in a single cluster. The larger scatter in shipboard data is evident. A line with the equation Y X passes through the cluster's center, which corresponds to the grain density of calcite (2.71 g/cm 3 ). There is also good agreement between shipboard and shorebased porosity (Φ) data (Fig. 5B) . A plot of shipboard vs. shore-based porosities (Fig. 7) shows a linear trend. The Y = X line passes through the center of this cluster of data points.
Shipboard bulk density values, however, are consistently higher than shore-based data (Fig. 5C) . A plot of shipboard vs. shore-based bulk densities (Fig. 8) shows a relatively linear cluster of data points, but the cluster lies below the Y X line. A linear regression yields the equation Y = 0.7032Z + 0.5608. This discrepancy between the shipboard and shore-based measurements is again due to the shipboard method of measuring volumes with a helium-displacement pycnometer. The pycnometer's manufacturer, Quantachrome, has stated that the machine was not designed to measure wet samples (David Seltzer, pers. comm., 1988) . Moisture in the sample chamber causes an erroneously high pressure reading (also observed in a smaller Quantachrome helium-displacement pycnometer used in our Hawaii laboratory), resulting in a volume that is too low and a calculated bulk density that is therefore too high.
When a sample is freeze-dried aboard ship, only water is lost. Because the density of water is about 1.0 g/cm 3 , the difference between the wet and dry sample volumes should be equal to the difference between the wet and dry sample weights, or wet weight -dry weight = wet volume -dry volume. (8) However, what is actually observed aboard ship is wet weight -dry weight > wet volume -dry volume. (9) This relation was also observed during ODP Leg 110 (Roy Wilkens, pers. comm., 1989; Wilkens et al., 1990) , and the cause is the low volume obtained from the pycnometer for wet samples. This problem becomes even more significant when samples of low porosity, such as cherts and basalts, are measured. Because these samples contain only a small amount of water, wet volumes of such samples should be just slightly greater than their dry volumes. But as a result of the pycnometer determining wet volumes that are too small, shipboard wet volumes for cherts were actually smaller than the dry volumes for the same samples, which made it appear as if the samples gained volume upon drying even though they lost mass! When the difference between wet and dry volumes is large, the wet volume error is not apparent.
Pycnometer volume measurements seem to be accurate for dry samples. Therefore, an alternate method for determining shipboard wet volumes for bulk density is to add the difference between the wet and dry weights to the dry sample volume, or wet volume = dry volume + (wet weight -dry weight). (10) This equation is derived from equation 8. Again, the calculation uses a density of 1.0 g/cm 3 for the water lost from the sample upon freeze-drying. The wet volumes for shipboard samples used for Figure 8 were recalculated using equation 10 and the shipboard bulk densities were recalculated using the new wet volumes. The recalculated bulk densities are plotted vs. shore-based bulk densities in Figure  9 . A line with the equation Y = X passes through the center of this cluster of data points. Therefore, calculating wet volumes using equation 10 results in shipboard bulk densities that are comparable to shore-based results. We recommend that ODP routinely use equation 10 instead of using wet sample volumes obtained from the pycnometer.
POROSITY-FORMATION FACTOR SYSTEMATICS
The electrical resistivity of marine sediments changes with depth due to various lithologic parameters, such as pore tortuosity (i.e., the length of the ionic path relative to the length of the sample), the size of the pores, and the permeability of the sediments. These parameters are largely affected by the amount of cementation of the grain matrix. Sediment samples of similar pore structures but different grain types (e.g., clay vs. biogenic carbonate) may have different resistivities as well. Resistivity can also be affected by the salinity of the pore water, so if there is a salinity gradient at a particular drill site, the resistivity will change due to nonlithologic factors. It is, therefore, often convenient to normalize electrical resistivity by expressing it in terms of the formation factor (F), which is defined as F=A/PW, (ID where pj > is the electrical resistivity of the saturated sediment, and p w is the electrical resistivity of the pore water. In calculating F, the electrical resistivity of seawater is taken as 0.2008 ohm-m assuming a salinity of 35 ppt (a 0.60-molar concentration of NaCl) (Weast and Astle, 1981) . The formation factor (F) generally increases with decreasing porosity (Φ) • Archie (1942) showed that these two parameters can be related empirically by the equation
where Φ is fractional porosity and m is called the cementation factor. This equation is known as Archie's Law, and was modified by Winsauer et al. (1952) as an empirical formula for various sandstones,
where A is a constant. This is known as the Winsauer equation.
The cementation factor for all rocks and sediments is a number that is generally between 1.3 and 2.3. The value of m increases with increasing cementation of the grain matrix. It has been shown that m = 1.4 for slightly consolidated sandstones, m = 1.7 for consolidated sandstones, and m = 2.0 for limestones and dolomites (Ward and Frazer, 1967) . The value of m can be determined for a given data set by taking the log of both sides of equation 13, plotting log <j> vs. log F, and determining a linear regression of the data, which would have the equation
These plots have been made for the chalks from Units III and IV (Fig. 10) and for the claystones from Units V and IV (Fig. 11) from Hole 762C. The cementation factor for the chalks is 1.81, predicting (correctly) that these sediments are well lithified. The clay stone samples are quite friable, which is probably why the cementation factor is a low 1.24.
In the log Φ vs. log F plots, log A is the y-intercept. Therefore, the constant A represents the empirically determined formation factor at 100% porosity. The values of A for the chalks and mudstones (1.52 and 3.21, respectively) are greater than 1.0, indicating a resistivity greater than that of seawater. These high values of A suggest that the Winsaurer equation does not hold for sediments with high porosities.
The values of m are based on formation factors that were calculated from average electrical resistivities of the horizontal and vertical measurements at 100 Hz. Calculations were made from the resistivity data of the chalk samples to determine the range of m values that are possible based on direction and frequency of measurement. Resistivity was shown to vary with frequency in Figure 3 Hz. At this frequency, m = 1.83 for horizontal measurements and 1.67 for vertical measurements. Therefore, m for these chalks can vary from 1.67 to 1.92 depending upon direction and frequency.
VELOCITY GRADIENTS
Velocity gradients are calculated by dividing an interval velocity by the depth interval, which in essence is the slope of a velocity vs. depth plot. The velocity data from Site 762 exhibit unusual gradients for calcareous sediments. Hamilton (1980) reports that gradients for calcareous sediments from the Log porosity Figure 11 . Plot of log porosity vs. log mean formation factor for claystones from Units V and VI. ooze), velocity values begin at about 1.54 km/s and increase only to a high of about 1.60 km/s. Between 360 and 500 mbsf, the gradient in the chalks increases sharply to 2.86 s~1. From 600 to 720 mbsf, the gradient becomes negative (-2.5 s~1) as velocity decreases with depth. Between 720-800 mbsf, the gradient is quite high (11.25 s~1) as velocity increases sharply from 1.9 to 2.8 km/s. The gradient again becomes negative (-25.0 s~1) below 800 mbsf as the velocity drops in response to the change in lithology from chalk to clay stone. An average gradient for the calcareous sequence can be computed using the low velocities at the top of Hole 762B and a high velocity at around 800 mbsf, near the bottom of the carbonate sequence. The resulting gradient of 1.58 s~1 is close to the average gradient of 1.3 s~1 of Ontong-Java Plateau data of Hamilton (1980) . These changes in velocity with depth are directly proportional to changes in bulk density. Figure 12 is a plot of bulk density vs. mean V p for the lithologic units of Hole 762C. Our range of values agrees with the curve of Hamilton (1980) for calcareous sediments.
NEGATIVE VELOCITY GRADIENT
Values of V p and ρ b show an average decrease in the chalks between about 600 and 720 mbsf (Fig. 4B) . This depth range includes all of Unit IVB and about the first 20 m of Unit IVC, but this interval does not exhibit significant changes in lithology. Plausible causes for this trend are: (1) gas in the samples (overpressuring), (2) change in mineralogy, or (3) change in microstructure (which would change the porosity). To test the first hypothesis, velocities of 18 samples in the depth range of 594.8-725.8 mbsf were remeasured after samples were resaturated in seawater under a vacuum for 1 hr. However, no gas bubbles exited from the samples while they were under vacuum, suggesting that no gas was present. V p , p b , and Φ values obtained from these samples were identical to the values obtained before resaturation. Therefore, the negative velocity gradient is not caused by overpressuring. Figure 13 shows a plot of mineral content vs. depth for the depth range 600-720 mbsf (data from Wilkens et al., this volume ). There appears to be no significant change in mineralogy over this depth range, and shipboard smear slide data suggest no significant change in grain type.
Shipboard porosity data show no significant trend, but shore-based porosity measurements increase slightly over this depth interval (Fig. 5B) . Therefore, the negative velocity gradient is most likely due to increasing porosity. Changes in porosity can be caused by either changes in grain size or in microstructure. A decrease in grain size could result in an increase in porosity (Hamilton et al., 1982) . Smear slide data indicate that the sediments at this depth are mostly composed of nannofossils and a smaller amount of clay and foraminifera (usually less than 20%). However, no significant change in grain content occurs over this depth interval. Elevated porosity could also be caused by an open microstructure, which could occur during a period of rapid sedimentation. Sedimentation rates determined during the cruise are not unusually high within this depth range (approximately 1.1 cm/k.y.), but these are only "apparent" sedimentation rates because they are not corrected for compaction.
Although the increase in porosity in this depth range is rather small (from 35% to 45%), the SEM was utilized to determine if a change in microstructure was observable. Two samples were examined: one near the top of the interval at 612.6 mbsf (Sample 122-762C-49X-1, 106-109 cm, Φ = 35.5%) and the other at the bottom at 716.2 mbsf (Sample 122-762C-60X-1, 22-24 cm, Φ = 45.1%). SEM photomicrographs (Plate 1) indicate the grain matrix consists almost exclusively of nannofossils with small amounts of clay. There does not appear to be any obvious microstructural differences between the two samples. But as there is a difference of only 10% porosity between the two samples, a difference in microstructure may not be apparent. Thus, although SEM observations are inconclusive, an open microstructure would be the more likely reason for the porosity increase over this depth interval.
SUMMARY
Values of V,, Q p , and p' of 49 samples from Hole 762C were determined in our acoustics laboratory. These measurements are currently not conducted aboard the JOIDES Resolution. In addition, V p , Φ> p b , and p ß were remeasured using alternate methods to those utilized aboard ship. Depth (mbsf) Figure 13 . Mineral content of shipboard physical property samples from shore-based X-ray diffraction data in the depth range of 600-720 mbsf from Hole 762C. Within this depth range velocity decreases with depth, although no significant change in mineralogy is evident.
Shipboard and shore-based Φ and ρ g agree reasonably well, but V p values diverge between 670 and 820 mbsf. This was caused by a calibration error in the shipboard Hamilton Frame velocimeter system.
Shipboard p b values are consistently higher than shorebased data due to erroneously low volumes determined from wet samples in the shipboard helium-displacement pycnometer. As the pycnometer was not designed to measure wet samples, volumes of wet samples can be determined using the relation: wet volume = dry volume + (wet weight -dry weight). Bulk densities recalculated using wet volumes calculated in this way coincide with shore-based bulk densities. We suggest that ODP use this equation instead of the pycnometer wet volumes.
Cementation factors determined from the Winsaurer equation correctly indicate that the chalk samples are well lithified and the clay stone samples are friable. The Winsauer equation apparently does not hold for samples with high porosity.
The negative velocity gradient in the chalks between 600 and 720 mbsf is not caused by overpressuring, because no gas exited from the samples upon restoration in a vacuum. Neither is it caused by change in mineralogy, because mineralogy content is relatively constant within this depth range. It is most likely caused by an increase in porosity that may be due to an open micro structure over this depth interval. 
